Appendix A: Evaluation of the reaction rate of NO 2 with S (IV) in aqueous phase
Oxidation of S (IV) in the aqueous phase by dissolved NO 2 to form SO 4 2-has been well documented in the field of studying NOx removal using scrubbing technologies in power plants (Shen and Rochelle, 1998; Dahlan et al., 2006; Barrelo et al., 2008; Hu et al., 2010) .
Laboratory experiments have established that the reaction is faster under higher pH conditions (Lee and Schwartz, 1983; Clifton et al., 1988; Littlejohn et al., 1993) and in the presence of O 2 (Littlejohn et al., 1993; Shen and Rochelle, 1998) .
In a study to investigate stoichiometry of this reaction, Lee and Schwartz (1983) 
Detection of dithionate ion (S 2 O 6 2-) in a product study provides strong evidence for the radical chain mechanism (Littlejohn et al., 1993) . Sulfite radicals subsequently under a series of reactions to yield SO 4 2- (Seinfeld and Pandis, 2006, p332) . The overall mechanism for the reaction of NO 2 with S(IV) is compiled in Table A1 . There are other reactions and species in this mechanism, but they are expected to be less important than those listed here. b :(1) Takeuchi et al, 1977; (2) Seinfeld and Pandis, 2006, p332 , and references therein; (3) Connick et al., 1993 S-4 The reaction rates for R1 and R2 were from measurements made at 25°C by Takeuchi et al. (1977) through monitoring NO 2 absorption in the aqueous sodium sulfite and bisulfite solutions. Shen and Rochelle (1998) also measured the reaction rates of these two reactions by tracking the disappearance of S(IV) through iodimetric titration. They reported the reaction rate constants at 25°C to be 6.3×10 (Table 5 in Shen and Rochelle's paper), comparable to those by Takeuchi et al (1977) .
The overall production rate of SO 4 2-from this aqueous pathway of NO 2 oxidation of S(IV) is first-order in both NO 2 and S(IV)
with a pH-dependent rate constant of k 1 . There is disagreement in the measured k 1 . Lee and Schwartz (1983) determined the overall reaction rate by following acid production via a pHstat apparatus. Low concentrations of aqueous S(IV) and gaseous NO 2 were used in their experiment. They reported k 1 to be 1. , could be determined using their approach. Clifton et al (1988) employed a pulse radiolysis apparatus to monitor the decay of NO 2 , which was used to determine the rate constants. They reported the rate constant (k 1 ) to range from 1.24×10
Considering the nearly two order of magnitude difference in the measured overall reaction rate, we decide to calculate the overall reaction rate by solving a series of equations that describe the detailed reaction mechanism listed in Table A1 with a simple box model.
The principle is to assume NO 2 initiates a series of radical reactions that subsequently generate SO 4 2-in the aqueous phase. The mathematical expression for the rate constant is as follows,
where k 1 is the overall reaction rate constant, in M Figs. A2 and A3 suggest that mathematically, k 1 could be described as an exponential function of the abundance of NO 2 and SO 2 . For the purpose of deriving an empirical relationship between k 1 and SO 2 and NO 2 concentrations, we use the following equation to link k 1 with NO 2 and SO 2 :
We arbitrarily set y to be 0.5, then determine x by fitting k 1 estimated by Eq. 3 with the boxmodel predicted k 1 . It is found at pH=4 and pH=5, Eq.3 can be expressed as Eq. 4 and Eq. 5, respectively: at pH 5 for the ambient SO 2 and NO 2 concentrations encountered during the observation period in this study.
These values are comparable to that reported by Lee and Schwartz (1983) at pH 5).
The k 1 values were also calculated for pH = 5.8 to be ~1.5 ×10 for these two pH conditions by Lee and Schwartz. Shen and Rochelle (1998) analyzed the discrepancy between Clifton et al's study and their study, which reported rates for R1 and R2 very similar to those used in Table A1 and Table B1 .
S-9 (Table B1 ). The modeled NO 3 -is moderately sensitive to the dry deposition velocity of HNO 3 (g) and the levels of formaldehyde and HONO (g).
Photolysis of HONO and formaldehyde are known to be important to ambient OH levels (Su et al., 2008; Cheng et al., 2010) . Because their concentrations were not measured at our sampling site, their observations at other locations in Hong Kong or PRD were adopted. The sensitivity study results suggest that on-site concentrations HONO and formaldehyde will be very valuable in future field experiments.
As discussed in the main text, the measured cloud pH in Hong Kong ranges from 3.6 to 4.6 (Tanner and Tam, 2006) , and a pH of 4 is assumed in the OBM-SIA calculations. As the cloud pH has a potential significant impact on the SIA concentrations, we next examine the sensitivity of SO 4 2-production on the pH values in more details. 
where H SO2 is the Henry's law constant. P SO2 is the partial pressure of SO 2 , and K 1 and K 2 denote the first and second acid dissociation equilibrium constants (shown in As shown in Fig. B2 , H HSO3-* and H SO32-* increase by 1-2 orders of magnitude as the cloud pH increases from 3.6 to 4.6. This illustrates that more alkaline solutions favor the dissolution of SO 2 , which in turn enhances the production of SO 4 2-in aqueous phase.
Another reason for the pH-dependence is that the aqueous phase oxidants (e.g. dissolved ).
S-11 The implication of this finding of strong pH dependence is that a buffering effect of the formation of SO 4 2-could be predicted in atmospheres of high NO x and sufficient neutralizing capacity. When the acidic gases (e.g., SO 2 ) are reduced, oxidation rate from S (IV) to SO 4 2-could be enhanced due to rising cloud water pH. This effect may partly explain the discrepancy between the still increasing SO 4 2-concentration despite significant drop in SO 2 ambient concentration achieved through stringent control efforts on SO 2 emissions in the PRD (Louie et al., 2005a (Louie et al., , 2005b So et al., 2007) .
S-12
Appendix C. Evaluation of gas-particle thermodynamic equilibrium of semi-volatile In the OBM-SIA, we assume thermodynamic equilibrium between PM 2.5 and gas-phase compositions are established and partition between gas and aerosol phase is calculated using ISORROPIA. The validity of this assumption is tested using 216 pairs of gas and particle ion composition data obtained at Panyu, PRD during our observation period at Tung Chung. The site Panyu is a suburban area in the PRD. At this site, the gas and particle ion composition data was simultaneously measured by MARGA (Monitor for Aerosols and Gases in Air) (Trebs et al., 2004) . The sum concentrations in the gas and particle phases for We note the nighttime concentration of OH radical is ~1E-10 ppm. Most of the OH radical is produced by VOCs+O 3 . 
